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Description 

IMPROVED TOP-OXIDE-EARLY 
PROCESSAND ARRAY TOP OXIDE 
PLANARIZATION 

Background of Invention 

[0001] The present invention generally relates to the manufacture 
of integrated circuits and, more particularly, to the manu- 
facture of integrated circuits having different functional 
areas requiring different processing and/or requiring pla- 
narizing processes. 

[0002] increased density and proximity of both active and passive 
electronic device structures in an integrated circuit have 
been recognized to provide benefits in both performance 
and functionality of integrated circuits. For example, re- 
duced lengths of signal propagation paths allow operation 
at higher clock rates while reducing susceptibility to 
noise. Increased numbers of devices on a single chip also 
generally support such improved performance while al- 
lowing a greater number and variety of circuit functions to 



be provided such as local voltage regulation and conver- 
sion, local memory and additional logic circuitry or co- 
processors for microprocessors, non-volatile storage, re- 
dundant circuitry, self-test arrangements and many other 
types and combinations of circuits. Even entire systems 
can be provided on a single chip for increasing numbers 
of applications. As an additional benefit of increased inte- 
gration density, an increased number of different func- 
tional circuits generally tends to reduce the number of ex- 
ternal connections which must be made to a given chip; a 
requirement which has presented substantial difficulty in 
many chip designs. 
[0003] However, such increases in integration density and per- 
formance requires that individual electronic device struc- 
tures be substantially optimized, at least in groups, in ac- 
cordance with the respective functions they must perform 
and it is generally convenient and more economical to ar- 
range such groups of devices in respective, differentiated 
areas of the chip. For example, the storage cells of a 
memory, collectively referred to as the array section of a 
memory, require very different electronic device (e.g. 
transistor) properties and technologies from the transistor 
circuits necessary to decode an address and/or carry out 



reading, writing and refresh operations, collectively re- 
ferred to as the support section of a memory. By the same 
token, devices in the support section differ substantially 
between dynamic, static and non-volatile memory struc- 
tures as well as differing substantially from devices in 
logic arrays, processors and the like and may operate at 
very different voltages and clock speeds and require much 
different technologies and processes to manufacture. 

[0004] For DRAM cells with vertical MOSFET array devices, an ar- 
ray top oxide (ATO) is needed to isolate the passing word 
lines from active areas on the substrate. Typical processes 
for forming such isolating ATO areas include forming an 
array top oxide layer in the presence of a pad nitride layer 
of the DRAM. A variety of methods are known in the art 
for forming array top oxides and are referred to as top 
oxide early (TOE), top oxide nitride (TON) and top oxide 
late (TOL) processes. 

[0005] More generally, it is common in current semiconductor 

manufacturing processes to use nitride (e.g. a pad nitride) 
to achieve certain desired shapes in semiconductor device 
structures and then replace the nitride with another mate- 
rial. Such processes are facilitated by the selectivity of 
some known processes which allow nitride to be selec- 



tively etched or selectively allowed to remain while etching 
other materials. Nitride may also be convenient since it 
can be used as an etch stop or polish stop in some pro- 
cesses. In the case of chips having vertically arranged ar- 
ray devices and support sections, the nitride is removed 
and replaced with high quality oxide in the array area to 
isolate the passing word line (WL) connection array from 
active areas on the substrate but replaced with polysilicon 
in the support area to form gates of the switching transis- 
tors therein. The oxide formed over the array area is re- 
ferred to as an array top oxide (ATO) and its formation is 
relatively critical since open or short failures can be 
caused by a slight lack of process control, the potential 
for capacitive coupling and the extremely close spacing of 
the capacitors and the word lines and bit lines which must 
be formed at a similarly close spacing. The ATO can be 
formed either before or after the polysilicon and several 
different process sequences have been developed; each 
having certain advantages and disadvantages. A process 
in which the ATO is formed after formation of the polysili- 
con is referred to as top-oxide-late (TOL) which requires 
chemical-mechanical polishing to the polysilicon gates in 
the support areas which may compromise such structures 



by scratching. Another process is referred to as top-ox- 
ide-nitride (TON) in which an array top oxide area is de- 
posited after the pad nitride has been stripped in both the 
array and support areas. The array top oxide is pla- 
narized. Array top oxide is then removed in the support 
area followed by sacrificial oxidation, support implants, 
gate oxidation and deposition of a gate polysilicon layer. 
However, the TON process results in relatively wide, open 
areas without polish stops which aggravates dishing dur- 
ing planarization as will be discussed in greater detail be- 
low. The nitride is removed simultaneously in both the ar- 
ray and support areas in both the TOL and TON processes. 
Conversely, a process in which the nitride is removed in 
the array area with a block mask and the ATO is formed 
prior to removal of nitride in the support area is referred 
to as top-oxide-early (TOE) but has the disadvantage that 
relatively more masks are required than in the TOL and 
TON processes. 

[0006] while one lithographic exposure is invariably necessary to 
establish basic locations and dimensions for electronic el- 
ements to be fabricated in integrated circuits, it is also 
generally necessary to make at least one lithographic ex- 
posure in each differentiated functional area of a chip 



having a plurality of such areas. It is also necessary to 
make at least one, if not several, lithographic exposures 
to form conductors or other so-called back-end-of-line 
(BEOL) processes to complete a given chip design. For 
most of these lithographic exposures and lithographic ex- 
posures for BEOL processes, in particular, it is generally 
necessary and at least highly desirable to have the semi- 
conductor structure which has been formed to that point 
in the manufacturing process to be highly planar in order 
to achieve optimal lithographic pattern resolution. Pla- 
narization is also used for other purposes such as forma- 
tion of structures in trenches, isolation structures and 
Damascene conductors. 
[0007] pianarization has been performed predominantly by me- 
chanical polishing using a slurry of extremely fine abra- 
sive and sometimes assisted by chemical constituents of 
the slurry, referred to as chemical-mechanical polishing 
(CMP). However, polishing processes such as CMP, while 
well-developed and mature, are imperfect and may cause 
several different types of undesirable artifacts. One type 
of artifact is scratching which may occur due to a rela- 
tively larger grain of abrasive or a particle broken, chipped 
or abraded from the wafer being polished. Scratching has 



become more critical in recent generations of extremely 
high density integrated circuit devices in which individual 
electronic elements are made smaller and more delicate. 
Scratching of insulator material and isolation structures 
may give rise to significant current leakage. Major por- 
tions of isolation material, transistors and memory capac- 
itors have been observed to be physically removed by 
scratches. Another artifact of CMP is dishing in areas of 
lesser surface hardness and which can be aggravated by 
relatively larger areas of softer material. Dishing may be 
avoided in some cases by placement of areas of a hard 
material such as a nitride, commonly used as a preferred 
polish stop. However, such a strategy may be incompati- 
ble with the process requirements for a particular design 
such as a top oxide nitride (TON) process used in memory 
chip manufacture alluded to above. 
[0008] | n modern integrated circuits and for an array top oxide 
structure, in particular, good uniformity and planarity 
within a tolerance of 15 nm is generally required and con- 
ventional CMP processes do not meet such a stringent 
specification due to scratches, dishing or other artifacts. 
At the same time, dishing is aggravated by the topogra- 
phies of differing heights in the respective array and sup- 



port areas without polish stops. Further, to avoid lengthy 
polishing processes having increased risk of artifact pro- 
duction, the surface to be planarized must not exhibit se- 
vere topography and the material to be planarized must 
be substantially planar and of relatively uniform thickness 
prior to the polishing process. In summary, planarization, 
in general, and formation of ATO, including its planariza- 
tion, in particular, is a major obstacle to obtaining accept- 
able manufacturing yield in high density integrated cir- 
cuits having a plurality of functional areas. Current known 
processes have not met required tolerances for planarity 
of ATO and defects due to scratching damage to circuit 
element structures, isolation structures and insulating 

material surfaces. 
Summary of Invention 

[0009] it is therefore an object of the present invention to pro- 
vide improved protection for differentiated areas of a chip 
during manufacture in combination with structures of re- 
duced height of structures and reduced height difference 
between differentiated areas of the chip. 

[0010] it is another object of the invention to provide a method 
for planarization of a chip surface and an array top oxide, 
in particular, having reduced susceptibility to engendering 



chip defects and improved manufacturing yield. 

[° 01 1 ] It is a further object of the invention to provide an alter- 
native to polishing processes for planarization and which 
is capable of meeting a 15 nm uniformity tolerance. 

[0012] | t j S vet another object of the invention to provide an inte- 
grated circuit chip having a plurality of functional areas 
which can be fabricated with increased manufacturing 
yield and much reduced incidence of picture frame defects 
and foreign material faults. 

[0013] | n order to accomplish these and other objects of the in- 
vention, a method for manufacture of an integrated circuit 
having structures of different heights formed in respective 
first and second areas thereon is provided comprising 
steps of masking the first area of the surface having 
structures formed thereon, etching isolation structures in 
the second area of the surface to reduce height 
thereof,removing material from at least the first area, de- 
positing material on the surface, including surfaces of the 
isolation structures and in regions where material was re- 
moved by the removing step, depositing isolation material 
on the first and second areas, planarizing the isolation 
material to the surface, removing material from the sec- 
ond area of the surface and forming active devices 



thereon, and forming structures from the active devices to 
the structures formed in the first area of the surface 
across the isolation material planarized in the planarizing 
step. 

[0014] | n accordance with another aspect of the invention a 

method for planarizing a surface having structures and an 
additional layer of material covering said surface formed 
thereon is provided including steps of applying a pla- 
narizing material to the layer of material to form a sub- 
stantially planar surface above the surface having struc- 
tures formed thereon, and performing a non-selective 
etching from the substantially planar surface to a struc- 
ture formed on the surface or, more generally, applying a 
planarizing material to said body of material to form a 
substantially planar surface, and performing a non- 
selective etching from said substantially planar surface to 
a point on or within said body of material. 

[0015] The invention comprises a number of process features 
which provide improvements in integrated circuit quality 
and manufacturing yield and will be described in connec- 
tion with three embodiments, each discussing features of 
the invention in preferred combinations and in connection 
with the preferred environment process for use of those 



features. As will be understood by those skilled in the art, 
these features of the invention may be used singly or in 
different combinations in regard to different processes 
(e.g. top oxide early (TOE), top oxide nitride (TON), top 
oxide late (TOL) and even more general processes such as 
planarization) to provide improved integrated circuits 
which can be manufactured with enhanced manufacturing 
yield. The first embodiment, illustrated in Figures 1-9, 
provides improvements over known TOE processes by us- 
ing an optional support liner (nitride, polysilicon, etc.) 
with an oxide hard mask which provides improved protec- 
tion for the support area and allows improved control over 
isolation trench structure height. (A TOE process with a 
support liner is disclosed in U. S. Patent 6,6210,677 to 
Hummler, which is hereby fully incorporated by refer- 
ence.) A deglazing step prior to application of the liner 
and oxide hard mask reduces the average height of the 
array and support areas compared to the known TOE pro- 
cess. A polysilicon hard mask instead of the optional sup- 
port liner and the oxide hard mask may also be used in 
accordance with the first embodiment of the invention for 
process simplification and improved control since a wet 
etch is required to remove oxide and nitride in the array 



area. Oxide and nitride in the array area can be easily re- 
moved with one polysilicon hard mask. Using one polysili- 
con hard mask, the step height difference between the ar- 
ray and support areas is less and array top oxide pla- 
narization is thus facilitated. The second embodiment of 
the invention, illustrated in Figures 1 and 10 - 14B pro- 
vides a planarization technique which is an alternative to 
chemical/mechanical polishing (CMP) which provides im- 
proved planarity while avoiding artifacts associated with 
CMP and is particularly useful in TON processes which 
present particular problems for known planarization tech- 
niques. While the drawings illustrate this planarization 
process in connection with a TON process with which it is 
particularly advantageous, this planarization process can 
easily be applied to TOE and TOL processes as well. The 
third embodiment, which is illustrated in Figures 1, 3 - 5 
and 16 - 22, employs etching to equalize step height in 
the array and support areas and provides substantial re- 
duction of picture frame defects and foreign material 
faults, particularly in combination with the alternative pla- 
narization process of the second embodiment of the in- 
vention and in the environment of the first embodiment of 
the invention. 



Brief Description of Drawings 

[0016] The foregoing and other objects, aspects and advantages 
will be better understood from the following detailed de- 
scription of a preferred embodiment of the invention with 
reference to the drawings, in which: 

[0017] Figures 1 and 2 are, respectively, a cross-sectional view 
and a plan view of a portion of a preliminary stage of 
manufacture of a chip including an array area portion and 
a support area portion at a location of a transition there 
between, 

[0018] Figures 3, 4, 5, 6, 7, 8 and 9 are cross-sectional views of 
a chip illustrating stages of semiconductor integrated cir- 
cuit fabrication in accordance with a first embodiment of 
employing the invention and employing a top-oxide-early 
(TOE) process, 

[0019] Figures 10, 11, 12, 13, 14A and 14B are cross-sectional 
views of a chip illustrating stages of semiconductor inte- 
grated circuit fabrication in accordance with a second em- 
bodiment of the invention and employing a top oxide ni- 
tride (TON) process, 

[0020] Figures 15A, 15B, 15C, 15D, 15E, 15F, 15G and 15H illus- 
trate application of the second embodiment of the inven- 
tion to a top oxide late (TOL) process, 



[0021] Figures 16 and 17 are cross-sectional views of initial 

stages of semiconductor integrated circuit fabrication in 
accordance with a third embodiment of the invention, 
particularly in regard to employing the planarization tech- 
nique of the second embodiment of the invention to a TOE 
process such as in the first embodiment of the invention, 

[0022] Figure 18 is a cross-sectional view of a chip illustrating 

the effect caused without the third embodiment of the in- 
vention for comparison with Figure 17, and 

[0023] Figures 19, 20, 21 and 22 are cross-sectional views illus- 
trating completion of an integrated circuit structure in ac- 
cordance with the third embodiment of the invention. 
Detailed Description 

[0024] Referring now to the drawings, and more particularly to 
Figures 1 and 2, there is shown an exemplary environ- 
ment for application of the invention. While the invention 
is not included in Figures 1 and 2, the structure illustrated 
is arranged to facilitate an understanding of the applica- 
tion of the invention, particularly in regard to semicon- 
ductor device fabrication and no portion of either Figure is 
admitted to be prior art in regard to the present invention. 
The structure in Figures 1 and 2 is principally intended to 
be representative of a memory structure having two dif- 



ferentiated major areas: an array area populated by 
closely spaced memory cells 12 and a support area con- 
taining, for example, addressing selection circuits (which 
may include, for example, a decoder, word line or bit line 
drivers and/or circuits for substitution of redundant por- 
tions of the array) and sense amplifier circuits. It should 
be understood that the structure could also represent a 
logic processor (corresponding to the support area) and 
an embedded memory (corresponding to the array area) 
such as dynamic random access memory (DRAM/eDRAM), 
possibly with vertical array MOSFET devices which result in 
a requirement for use of an array top oxide (ATO) to iso- 
late the passing word line (WL) from the active regions be- 
tween the memory cells 12. 
[0025] As shown in Figure 2, the memory 10, in plan view, may 
include a plurality of array areas 14 with support areas 16 
between and adjacent to and/or surrounding them. The 
individual memory cells (in this case, deep trench (DT) ca- 
pacitor memory cells with vertical MOSFET transistors) are 
preferably arranged in a pattern of rows and columns with 
an offset between memory cells of adjacent rows and 
columns to form a more densely packed array of memory 
cells while maintaining adequate separation between 



them. Isolation trench structures (IT) are employed at the 
boundary of the array area(s) and also within the array be- 
tween the individual memory cells 12 as depicted in the 
sectional view of Figure 1 along the section indicated by 
dashed line XI, X2, X3 of Figure 2; the relative positions 
of which are also indicated in Figure 1. Figure 1 depicts an 
intermediate stage of processing in which the DT and IT 
structures (in this case) or, more generally, devices for a 
given area, have been formed and the surface has been 
planarized for subsequent lithographic processes in the 
same or another area of the chip. 
[0026] Referring now to Figures 3-7 application of the invention 
to the exemplary chip structure of Figures 1 and 2 in ac- 
cordance with a first embodiment of the invention will be 
discussed. Figure 3 shows substantially the same chip 
cross-section shown in Figure 1 except that a deglazing 
step has been performed which recesses isolation trench 
structures (IT) 32 at the top surfaces thereof below the 
level of the memory cell 12 studs and the pad nitride 30. 
Such a deglazing step prior to deposition of an oxide and 
nitride hard mask is desirable to control the step height of 
the array and support areas and, as such, constitutes a 
significant improvement over known TOE schemes. This 



deglaze sets the isolation trench (IT) heights in the array 
and support areas independently of subsequent array top 
oxide (ATO) processes and facilitates ATO planarization 
since the amount of materials to be removed is reduced. 
Additionally, an optional (isotropic) nitride liner 34 and an 
(isotropic) oxide hard mask 36 have been applied. (The 
optional nitride liner, in combination with an oxide mask 
provides improved protection to underlying structures.) 
Other mask materials such as ARC, polysilicon and SOG 
materials can also be used for a hard mask and should be 
considered as illustrated by mask 36. An oxide hard mask 
36 with an optional support nitride liner 34 is discussed 
for generality. If an oxide hard mask 36 is used, the pro- 
vision of an optional support nitride liner 34 will generally 
be convenient as an etch stop and also to prevent unde- 
sirably undercutting of stepped portions of the surface or 
attacking of isolation structures. However, use of polysili- 
con as a hard mask instead of oxide/nitride masks to 
cover the support area is simpler and better controlled 
than use of oxide or nitride which may be wet etched in 
the support area during array processing whereas a 
polysilicon mask will not be affected by such processes 
and thus can be selectively maintained. 



[0027] The support liner has been disclosed in the above- 
incorporated U. S. Patent 6,620,677. However, use of one 
polysilicon layer instead of a two-layer hard mask (e.g. 
oxide/nitride) is considered to be within the scope of the 
present invention. If a polysilicon hard mask is used, the 
step height difference will be much reduced, as noted 
above, and will provide better protection during array 
processing. That is, etching of nitride and oxide during 
array processing also will etch a oxide/nitride hard mask 
but, if polysilicon liner or mask is used, the polysilicon 
hard mask will not be etched during array processing and 
thus improved protection is provided. 

[0028] Then, as shown in Figure 4, a resist 42 is applied and pat- 
terned such that resist remains as a block-out mask over 
the support area 16 but not the array area 14. The resist 
pattern is then transferred to the oxide layer 36 by etch- 
ing to form a hard mask. The optional support nitride 
liner 34, nitride spacers 38 and the pad nitride 30, if ap- 
plied, are etched away selectively to the oxide hard mask 
36 and pad oxide is stripped and pad oxide 44 is regrown 
in the array area, preferably to a thickness of about 50A. 

[0029] Figure 5 shows a cross-section of the chip after a deposi- 
tion and etch to form nitride spacers 52 and array im- 



plants performed. An optional array nitride liner 54 can be 
deposited before array top oxide (ATO) deposition and is 
illustrated. (This array nitride liner is not illustrated in 
subsequent Figures.) Such an array nitride liner is pre- 
ferred to fill possible defects in the nitride spacers and/or 
the isolation trench structures 32 as well as providing ad- 
ditional protection to underlying structures in combina- 
tion with an ATO layer 56 as in the layered mask structure 
34, 36, as discussed above. The array top oxide (ATO) 56 
is also deposited to a desired thickness, preferably about 
75 nm and covers both the memory cells and active areas 
55 in the array. It should be noted that the ATO 56 is also 
deposited on the oxide hard mask 36 in the support area. 
It should be noted that the height of topography in the 
support area, indicated by bracket 58, is now substantially 
greater than in the array area since the oxide hard mask, 
support nitride liner, pad nitride is not present in the ar- 
ray area but remains in the support area. 
[0030] Referring now to Figure 6, the ATO is planarized to or 

slightly into the ATO in active areas 55 such that the ATO 
is removed over the memory cells 12. As can be seen from 
a comparison with Figure 5, the oxide hard mask is also 
removed from the support areas except where trench iso- 



lation structures were recessed in the deglazing process 
discussed above in regard to Figure 3. Planarization can 
be performed by known CMP processes or by an ARC- 
assisted planarization process which will be discussed 
more fully in connection with the second embodiment of 
the invention. 

[0031] As shown in Figure 7, a polysilicon hard mask layer 70 is 
deposited and a resist is applied and patterned to form a 
block-out mask 72. The polysilicon layer is then patterned 
in accordance with the block-out mask 72 to form a hard 
mask in the array area. Then, as shown in Figure 8, the 
remaining oxide hard mask and support nitride liner in 
the support area are etched. The isolation trench oxide 
can also be etched to a desired height in the same process 
and pad nitride 30 and pad oxide 18 in the support area 
are also stripped. Sacrificial oxide 82 is then grown on 
exposed silicon in the support area and implants for ac- 
tive devices in the support area are performed. Then, as 
shown in Figure 9, a layer of gate polysilicon 90 is de- 
posited over gate oxide 92 in the support area and gate 
polysilicon, oxidized polysilicon and the polysilicon hard 
mask is removed from the array area with a block-out 
mask 94, leaving a planar surface in the array area as 



formed by the planarization, discussed above in connec- 
tion with Figure 6, suitable for formation of word lines 
and bit lines and other BEOL processes well-known in the 
art to complete the integrated circuit. 

[0032] while the first embodiment of the invention provides an 

improved process for manufacture of semiconductor inte- 
grated circuits having differentiated areas with different 
processing requirements, it has been found that pla- 
narization by chemical/mechanical polishing (common to 
the first embodiment of the invention and known TOE 
processes) is not optimal and compromises manufacturing 
yield. Further, CMP processes provide poor planarization 
results for current high density integrated circuit designs, 
severely compromising manufacturing yield, particularly in 
TON processes, as alluded to above. 

[0033] | n accordance with a second embodiment of the invention, 
starting with a structure such as that described above in 
connection with Figure 1, Figure 10 illustrates the result 
of deglazing (similar to that of Figure 3) and stripping of 
the pad nitride and pad oxide and regrowth of pad oxide 
in both the support and array areas. It should be under- 
stood that the second embodiment of the invention will be 
described in connection with a TON process since the im- 



provement provided by ARC-assisted planarization as 
compared with known CMP processes is particularly great 
for TON processes in which CMP performance is particu- 
larly poor while TON processes provide some substantial 
advantages over TOE processes, such as the requirement 
for fewer masking steps. Performance of the process illus- 
trated in Figure 10 simultaneously in both the support 
and array areas is, itself, a substantial simplification of the 
overall process compared with a TOE process. (It should 
be noted that Figure 10 is similar to Figure 4 except for 
the remaining oxide hard mask, support nitride and pad 
nitride in the support area in Figure 4.) It should be ap- 
preciated that the ARC-assisted planarization in accor- 
dance with the invention as will be described below can be 
substituted for CMP processes in any semiconductor man- 
ufacturing process, including TOE and TOL processes, 
where planarization is required or desired. 
[0034] Referring now to Figure 11, nitride spacers 110 are 

formed and a TON nitride liner 114, characteristic of TON 
processes, in general, is applied following array dopant 
implants in the array area. As alluded to above, TON pro- 
cesses have the advantage of producing a structure which 
is of improved quality for protecting the underlying struc- 



tures by developing a layered structure of an oxide and a 
nitride when the ATO 120 is applied as shown in Figure 
12. The TON liner under array top oxide can fill the de- 
fects in the nitride spacer and isolation trenches and acts 
as an etch stop layer in the support area. It should be 
noted that the difference in step height between the array 
and support areas is small as can be appreciated by com- 
parison of Figure 12 with Figure 5, discussed above; con- 
stituting a further advantage over known TOE processes 
as well as the first embodiment of the invention with one 
polysilicon array hard mask which also provides some ad- 
vantage over known TOE processes in this regard. How- 
ever, TON processes with ATO CMP present a major con- 
cern with TON nitride liner removal during ATO CMP due 
to dishing. In the TON process, dishing tends to occur in 
the support area during ATO CMP since relatively wide 
open areas with soft oxide is presented by the support 
area. Thus dishing in the support area during ATO CMP 
allows possible removal of the TON nitride liner in the 
support area. 

[0035] jo avoid these problems, in accordance with the second 
embodiment of the invention as shown in Figure 13, a 
planarizing anti-reflective coating (ARC) is then applied 



over the entire structure. While such materials as anti- 
reflective coating (ARC) materials, resists, spin-on glass 
(SOG) and the like will usually provide good uniformity 
and planarity, as applied, variations therefrom which pre- 
clude successful polishing to the required tolerance (e.g. 
15 nm, alluded to above) have been encountered, particu- 
larly in large scale memory devices having array and sup- 
port areas. Therefore, the second embodiment of the in- 
vention, in accordance with its most basic principles, pla- 
narizing material deposition and non-selective RIE, is di- 
rected to a new technique of planarization which can reli- 
ably provide the required planarity to below 15 nm and 
without damage to structures already formed. 
[0036] ARC materials, SOG, many resists and other materials 

such as commercially available Accuflow™ spin-on poly- 
mer available from Allied Signal, Inc. may be used for the 
process illustrated in Figure 13. All that is necessary is 
that application of the material forms a planar surface, 
filling any existing topography, and that the material be 
etchable with a non-selective etch, preferably a reactive 
ion etch (RIE) at a rate near that of the materials above the 
intended end point of the etch or planarized surface to be 
formed so that etching from the planar surface of the ma- 



terial 130 will produce a planar surface when the etch is 
complete, as shown in Figure 14A. That is, the goal is to 
etch all materials (ARC, oxide, nitride, polysilicon, etc.) 
that may be encountered during planarization at the same 
rate considering loading sensitivity. The non-selective RIE 
may not etch ARC, oxide and/or nitride at the same rate 
when only one of those materials is present. A reactive ion 
etch (RIE) is preferred using CF 4 in the absence of or with 
an amount (usually small) of oxygen and/or nitrogen to 
make the process non-selective. If excess oxygen and/or 
nitrogen is present, the process tends to become selective 
between the materials; etching the oxide at a slower rate 
than the organic material. As with CMP, the planarization 
process is carried out to and possibly slightly into the 
deep trench memory cell studs to remove oxide therefrom 
while leaving ATO in the active area between them and 
leaving the nitride liner in the support area intact. This 
process thus provides a planarized surface which is planar 
to a tolerance of or below 15 nm and without the possi- 
bility of scratching or chipping of structures such as 
memory cells 12 or isolation structures (IT). 
[0037] a s shown in Figure 14B, a polysilicon layer 152 is de- 
posited and a block-out mask (sometimes referred to as 



an etch support (ES) mask) is applied and patterned. The 
patterning is then transferred to the polysilicon layer 152 
to form a hard mask, after which remaining ATO in the 
support area is removed by etching using the support ni- 
tride liner as an etch stop, the nitride liner is removed, the 
pad oxide is removed, sacrificial oxide is grown, support 
dopant implants are done and gate oxide and gate 
polysilicon deposited and patterned in the support area. 
The integrated circuit can then be completed byword line 
and bit line formation and other BEOL processes similar to 
those of Figure 9, discussed above and which will be evi- 
dent to those skilled in the art. 
[0038] The ARC-assisted planarization in accordance with the 
second embodiment of the invention is of general utility 
and can be applied to TOE and TOL processes as well as 
other processes which require or benefit from planariza- 
tion as can the height reduction by deglazing described 
above in connection with the first and second embodi- 
ments of the invention. In the interest of completeness, 
the application to a TOL process of the ARC-assisted pla- 
narization of the second embodiment and the height dif- 
ference reduction by deglazing in both support and array 
areas and etching of oxide in the support area only with a 



block mask covering the array of the first embodiment will 
now be described. 
[0039] Figure 15A provides a cross-sectional view of an exem- 
plary structure similar to that of Figure 1. It should be 
noted, however, that spacers 52 are formed as deep 
trench (DT) inside spacers 52'. Additionally a pad oxide 
151 and vertical array transistor gate oxide 156 (also 
present in the structures in the TOE and TON processes 
described above) are provided which also extends verti- 
cally between the pad nitride 30 and the inside spacer 52'. 
As with Figure 1, Figure 15A reflects an intermediate state 
of manufacture following formation of isolation structures 
and memory cells having vertical capacitors and transis- 
tors and planarization by CMP or ARC-assisted planariza- 
tion. 

[0040] The structure of Figure 15A is then deglazed as described 
above in both the array and support areas to reduce the 
height of the isolation structures. The pad nitride 30 is 
also stripped selectively to the inside spacers 52' in both 
the array and support areas such that the inside spacers 
52' are conserved. The inside spacer is protected by the 
vertical array device gate oxide during the pad nitride 
etch. These processes result in the structure illustrated in 



Figure 15B. 

[0041] Then, as shown in Figure 15C, the pad oxide 151 is 

stripped and a sacrificial oxide 153 is preferably grown in 
both the array and support areas. Impurity implantations 
are preferably performed at this point in both the array 
and support areas. Optionally, a nitride spacer deposition 
and RIE (not shown) can be performed at this point, as 
well, as will be understood by those skilled in the art. Gate 
oxidation 155 in the array and support areas can then be 
performed followed by deposition of a gate polysilicon 
layer in both the array and support areas. Thickness of the 
gate polysilicon layer is preferably regulated in accor- 
dance with the intended thickness of the ATO to be ap- 
plied and which will generally correspond to the original 
thickness of pad nitride 30. Providing a thickness of gate 
polysilicon substantially equal to the ATO thickness 
(which, it turn, is determined by the pad nitride 30 which 
is earlier removed and which space the ATO must fill) as- 
sists in optional height equalization which will be de- 
scribed below. A block mask 159 is then applied to the 
support area and the gate polysilicon 157 is removed 
from the array area, resulting in the structure shown on 
Figure 15D. The resist/block mask 159 is then removed. 



[0042] a s shown in Figure 15E a layer of array top oxide is then 
deposited on the array and support areas. (Since the ATO 
is applied after formation of the gate polysilicon in the 
support area the process is referred to as top oxide late 
(TOL).) This results in a step height difference between the 
array and support areas approximately (e.g. due to the 
deep trench memory cell devices in the array area) equal 
to the thickness of the gate polysilicon which is relatively 
small in comparison with TOE processes. Therefore, fur- 
ther height equalization, as shown in Figure 15F is op- 
tional. If height equalization is performed, it is achieved 
by masking the array area with mask 161 and removing 
the ATO from the support area. This results in the topog- 
raphy of the array and support areas being of substan- 
tially equal height and step height, as shown in Figure 
15F. Then, as shown in Figure 15C, ARC material is ap- 
plied as described above and etching to or slightly into 
the surface of the memory cells 12 (preferably using end 
point detection) provides a planarized surface across both 
the array and support areas, as shown in Figure 15H. 

[0043] while the second embodiment of the invention, as dis- 
cussed above, provides high manufacturing yield when 
used in connection with a TON process (which cannot oth- 



erwise produce comparable manufacturing yield due to 
poor planarization performance of CMP processes in re- 
gard to dishing and/or scratching or chipping) manufac- 
turing yield of the second embodiment is not optimal 
when used with TOE and TOL processes such as the TOL 
process described above if the gate polysilicon layer 
thickness must differ significantly from the ATO/pad ni- 
tride thickness for a given design or the TOE process de- 
scribed in connection with the first embodiment of the in- 
vention, even though the first embodiment combined with 
ARC-assisted planarization provided a much improved 
yield compared with prior TOE processes. 
[0044] | n particular, when the first embodiment TOE process or 
prior known TOE processes are combined with ARC pla- 
narization, the nitride in the support area is not reached 
during etching and thus end point detection such as by 
optical spectroscopy or evolved gas analysis cannot be 
used to detect completion of the etching process. More- 
over, when a known TOE process is combined with ARC 
planarization, it has been observed to suffer significant 
loss of manufacturing yield, principally from so-called 
picture-frame defects (where faults principally occur at 
the edges of the array areas) and foreign material (FM) 



faults (where deep etches cause undercuts of material 
such as polysilicon at the edges of the array areas which 
then forms unsupported filaments which may become 
dislodged and contaminate the structure). Additionally, 
TOE processes result in topographies of substantially dif- 
ferent heights in the array and support areas which tends 
to compromise lithographic processes for forming con- 
nections within and between the array and support areas 
and have been unacceptably subject to picture frame de- 
fects and foreign material faults even though the step 
height in both the array and support areas is reduced sig- 
nificantly by the deglazing described above in connection 
with the first embodiment of the invention. The TOL pro- 
cess is subject to picture frame defects but not foreign 
material faults when it is combined with ARC planariza- 
tion. In particular, memory cell connection defects have 
been found to occur predominantly at the borders of array 
areas 14 when the first embodiment TOE process is com- 
bined with ARC-assisted planarization (although a sub- 
stantial improvement over prior known TOE processes is 
achieved thereby) and are thus known as picture frame 
defects. Additionally, in known TOE processes and the 
first embodiment with ARC-assisted planarization and 



TON processes, foreign material faults, believed to result 
from detached polysilicon filaments at the edges of the 
array areas produced by material undercutting during ex- 
tended etching processes have been observed, as alluded 
to above. 

[0045] Referring back to Figure 5, it should be noted that the 
height of the ATO above the active or diffusion areas 55 
between the memory cells 12 approximates the height of 
the original semiconductor chip surface due to removal of 
the pad nitride 30 in the array area while the ATO height 
at locations above the memory cells is substantially 
greater (e.g. by addition of the nominally 75 nm thickness 
of the ATO) and the ATO above the isolation structures 32 
is only slightly less in the array area by an amount corre- 
sponding to the recessing performed in the deglazing 
step described above in connection with Figure 3 while 
the height of the ATO in the support area is greater, even 
where recessed by the deglazing step due to the presence 
of the oxide hard mask, support nitride liner and pad ni- 
tride. 

[0046] The inventors have discovered that the increased height of 
structures in the support area as compared to the height 
of structures in the array area compromises the removal 



of ATO over the memory cell 12 studs by planarization 
using CMP, even with additional processes and also com- 
promises the control over the planarization process and 
other lithographic processes to form connections to the 
memory cells 12. Even when the ARC-assisted planariza- 
tion of the second embodiment is used in combination 
with a TOE process (e.g. a known process or that of the 
first embodiment of the invention), the difference in 
structure height between the array and support areas im- 
pedes the planarization of the applied ARC, SOG, resist 
and the like planarizing materials, resulting in a slightly 
increased thickness thereof at the borders of the array 
area. Planarizing ARC, resist and the like can planarize lo- 
cal height variations less than several hundred nanome- 
ters but cannot planarize global variations significantly 
larger than microns. Accordingly, planarization to the sur- 
face of the memory cell 12 studs at the borders of the ar- 
ray area is compromised. Further, the differences in over- 
all height of the surface of the planarization material in 
such circumstances prevents the desired 15 nm pla- 
narization tolerance from being achieved either through 
CMP or ARC-assisted planarization. 
[0047] That is, the inventors have recognized that picture frame 



defects are largely due to insufficient planarity and uni- 
formity in thickness of resists, anti-reflective coating ma- 
terials, spin-on glass and the like which make planarizing 
materials and oxide on top of studs difficult to remove 
without extended etching processes while extended etch- 
ing processes will compromise array top oxide in the cen- 
ter of the array where ATO thickness greater than about 
30 nm are required while polishing processes also do not 
yield sufficient planarity to support good yield during 
word line/bit line/BEOL processes including conductor ar- 
ray formation and are an additional source of defects due 
to difficulty in avoiding damage to structures already 
formed. In other words, the inventors have recognized 
that ATO formation processes and planarization of ATO, 
in particular, cause a plurality of trade-offs between types 
of defects; each of which reduces manufacturing yield. 
[0048] Accordingly, the third embodiment of the invention simul- 
taneously avoids the engendering of defects of the picture 
frame and foreign material contamination types since 
deep etches are avoided while reliably removing pla- 
narization materials and avoiding damage to structures 
while achieving improved uniformity of planarity within a 
tolerance of under 15 nm in order to support high litho- 



graphic resolution for connection formation, bit line con- 
tact formation and other BEOL processes and which are 
particularly critical in the preferred environment of chips 
having both array and support areas, such as large capac- 
ity memories and logic processors having embedded 
memories. 

[0049] The third embodiment of the invention features not only 
increased control over height of structures in the array 
and support areas by deglazing as discussed above in 
connection with Figure 3 but adjusting the average 
height/step height of the structures to be substantially 
the same so that planarizing materials can adequately fill 
regions between higher areas and achieve good planariza- 
tion of the surface of the planarizing material. As can be 
observed from Figure 5, the average height of the ATO 
surface in the array area can be readily determined to an 
accuracy adequate to the successful practice of the third 
embodiment of the invention from the areas of the stor- 
age cells and the isolation trenches, the thickness of the 
ATO (which is readily controllable) and the recess of the 
deglazing process. Similarly, the average height of the 
ATO surface in the support area can be determined from 
the area of isolation structures, the recess of the deglaz- 



ing process and the readily controllable thicknesses of the 
oxide hard mask 36, the support nitride liner 34 (if used), 
the ATO 56 and pad nitride. (The optional array nitride 
liner 54 is deposited for both the array and support areas 
and, for height calculations, may be omitted for conve- 
nience.) Thus, the average ATO height/step height can be 
reduced in the support area to substantially match the 
(lower) ATO height/step height in the array area. It should 
be noted in this regard, that, depending on the particular 
integrated circuit element design in the respective differ- 
entiated regions of the chip, the same problem may occur 
near the boundary of the differentiated areas and the 
higher average height/step height can be reduced to ap- 
proximately match the lower in accordance within the pla- 
narizing capacity of the planarizing material to fill lower 
height regions in accordance with the third embodiment 
of the invention regardless of the integrated circuit design 
or fabrication processing. Especially when aTOL process 
is combined with ARC-assisted planarization, the support 
step height is significantly higher since gate polysilicon 
conductor exists in the support area only. The third em- 
bodiment using a block mask and etching the ATO in the 
support area can be readily applied to the TOL process 



and can improve yields significantly. 
[0050] Referring now to Figure 16, a block-out mask is now ap- 
plied to the array area and the support area is etched 
through the ATO 56, the optional array nitride liner 54, if 
applied, and into the oxide hard mask 36 to a distance 
such that the average height in the support area approxi- 
mates the average height of the ATO in the array area. It 
should be noted that the average height of the oxide hard 
mask above the original chip surface is the same as its 
thickness plus the thickness of the pad nitride except 
above isolation structures where the height will be re- 
duced by the amount of deglazing. The etching (either RIE 
or wet etching) of the oxide hard mask will reduce the 
thickness of the oxide hard mask equally, whether in a re- 
cessed area or not. Therefore, the average height of the 
oxide hard mask in the support area can be readily deter- 
mined from the thickness of the oxide hard mask, the 
area of the isolation structures, height of the pad nitride, 
support nitride liner (if used) thickness and the depth of 
the recess formed by deglazing as noted above. This av- 
erage height will be uniformly reduced as etching of the 
oxide hard mask progresses. If an array nitride liner is 
used, the array nitride liner can be etched depending on 



the height difference between the array and support. In 
this regard, the oxide hard mask and the ATO may be of 
the same quality or different qualities and even if oxide of 
the same quality is used for both, as deposited, the qual- 
ity of the oxide in the ATO oxide hard mask may be 
changed due to annealing, oxidation, implants or the like 
and the interface between the ATO and the oxide hard 
mask can be detected. In any case, the qualities of the 
ATO and the hard mask are known. As a practical matter, 
the average height of the surface of the hard mask in the 
support area will often closely approximate the average 
height of the ATO in the array area and the hard mask is 
not etched or only partially etched in the support area to 
make the average height or average height/step height 
substantially equal in the array and support areas. (The 
term "step height'Vefers to the height above the silicon 
substrate level and is determined by the IT height above 
silicon, pad nitride thickness, nitride liner thickness, the 
remaining oxide hard mask thickness and stud height in 
the array.) 

[0051] Then, as shown in Figure 17, a planarizing layer 170 of, 
for example, anti-reflective coating material is applied 
and forms a substantially planar surface covering the 



chip/wafer. The high degree of planarity of this coating is 
due to the substantial equalization of average height of 
structures in the support area as discussed above in con- 
nection with Figure 16. For comparison, the result without 
such height reduction is illustrated in Figure 18 in which it 
can be seen that the thickness of the planarizing coating 
170' increases in thickness toward the transition between 
the array area and the support area having greater aver- 
age height. This difference in thickness presents severe 
difficulties in both planarization and completeness of re- 
moval of the ATO above memory cell 12 studs in the re- 
gion where increased thickness occurs and compromises 
the formation of connections to memory cells or other 
structures at the periphery of the array area; directly re- 
sulting in picture frame defects discussed above. If addi- 
tional etching is employed to remove the coating, struc- 
tures in the array area may be damaged and the array top 
oxide in the center of the array is compromised (e.g. 
made too thin or removed altogether in some locations) as 
well as compromising the result of any planarization pro- 
cess. Usually, ATO thicknesses greater than 30 nm are re- 
quired for isolation of passing word lines from active ar- 
eas. The difference in thickness may also compromise the 



degree of planarity which may be achieved through CMP. 
[0052] After applying the planarization coating as shown in Fig- 
ure 17, a non-selective etching process is carried out 
slightly beyond the original wafer surface, preferably to 
about 50 nm above the silicon surface (e.g. where pad ox- 
ide 18 is formed or about twice the preferred minimum 
thickness of ATO); resulting in the structure illustrated in 
Figure 19. The etching of ARC, oxide and nitride will be 
done uniformly in the array and support areas and the 
etch rate can be readily determined from end point detec- 
tion (EPD) at the interface of the oxide hard mask and the 
pad nitride. The end point can be determined by monitor- 
ing the CN (carbon nitride) signal of 386.5 nm wave- 
length. When the etching reaches the interface of the ox- 
ide hard mask and the pad nitride, the CN signal increases 
strongly and then leads to a plateau. Thus the determina- 
tion of the rate of etching of ARC, oxide and nitride etch- 
ing can be determined using EPD with sufficient accuracy 
for the successful practice of the invention. Numerous 
other EPD techniques such as optical spectroscopy, or re- 
actant gas analysis are known and are also suitable for 
practice of the invention. During the non-selective RIE, the 
remaining oxide hard mask is completely etched and the 



support nitride liner and pad nitride is partially etched 
(about 50 nm) after etching the oxide hard mask in the 
support area or, in effect, the etching process may be ter- 
minated upon completion of the removal of the ATO on 
top of the studs in the array, leaving a flat surface in the 
array and support areas. 
[0053] it is only necessary that the etching proceeds at approxi- 
mately the same rate in the materials which will be pre- 
sented. In this particular example, oxide, nitride (e.g. at 
the upper edge of the spacers 38 and pad nitride) and the 
ARC material should be etched at approximately the same 
rate although other materials may be presented by other 
structures to which the invention is equally applicable. It 
is only necessary that the etch rates for the various mate- 
rials relative to the overall thickness of material to be re- 
moved be adequately similar to meet the planarity toler- 
ance required (e.g. 15 nm, alluded to above). The basic 
principle of this process is that of starting with a highly 
planar surface of planarizing material 70 and etching all 
materials at the same rate, preferably with a reactive ion 
etch (RIE), preferably with CF in the absence of or with 

4 

oxygen and/or nitrogen to make the process non-se- 
lective, from that surface so that the exposed surface re- 



mains planar throughout the process and when the pro- 
cess is terminated. (However, the preferred RIE may not 
etch ARC, nitride or oxide at the same rate when only one 
of those materials is present and the loading sensitivity 
should be taken into account.) Therefore, this process, re- 
ferred to as ARC-assisted planarization or ARC-assisted 
RIE (or, simply, ARC RIE), can be substituted for planariza- 
tion processes based upon polishing such as CMP in order 
to avoid mechanical damage such as scratching incident 
thereto. 

[0054] Then, as further shown in Figure 19, a hard mask 92, 

preferably of polysilicon, is applied and patterned with a 
block-out mask resist 94 to expose the support area. The 
resist 94 may then be stripped. 

[0055] Following removal of resist 94, the exposed oxide and ni- 
tride liner (if not etched during the ARC RIE) are etched 
selectively to polysilicon. The IT oxide can be etched to a 
desired height, as well, as shown in Figure 20. The IT ox- 
ide can be etched to a desired height 202 by an additional 
wet etching before etching the pad nitride. If, during the 
ARC RIE process, the IT oxide reaches a desired height 
202, no further process is necessary. Since the third em- 
bodiment of the invention involves only minimal wet etch- 



ing processes in the support area before gate conductor 
formation, foreign material defects such as polysilicon fil- 
aments in the transition region are significantly reduced. 
However, before removal of the nitride layer, it is common 
to do a small deglazing oxide etch since a thin layer of 
oxide may exist on nitride surfaces in many cases. The 
pad nitride 30 and pad oxide 18 are then stripped and 
sacrificial oxide 200 is then grown on exposed silicon, 
support implant processes performed and the sacrificial 
oxide removed and replaced with grown or deposited 
high-quality oxide which will form the gate insulators of 
support transistors or other devices in the support area, 
as shown in Figure 20. These processes also result in the 
growth of oxide 196 on the surface of polysilicon hard 
mask 192. 

[0056] Referring now to Figure 21, a layer 210 of polysilicon is 
deposited which will form the gates of transistors in the 
support area of the chip. Then, as shown in Figure 22, re- 
sist 220 is applied and patterned to again expose the ar- 
ray area and the polysilicon layer 210, oxide 196 and 
polysilicon 192 are etched away from the array area ex- 
posing the highly planar surface formed as discussed 
above in connection with Figures 17 and 19. The inte- 



grated circuit can then be completed by patterning of the 
remaining gate polysilicon 210, word line and bit line for- 
mation and other BEOL processes as may be required by a 
given design. The array area is highly planar to support 
high resolution lithographic processes for producing word 
lines and bit lines at a fine pitch and, moreover, planariz- 
ing material is reliably and fully removed to avoid picture 
frame defects while deep or extended etches are avoided 
to eliminate compromise of manufacturing yield by for- 
eign material. Further, planarization to a close tolerance 
(e.g. under 15 nm) has been achieved without polishing 
and possible attendant mechanical damage such as 
scratching. Therefore, it is seen that the invention, in pro- 
viding an alternative planarization process of general ap- 
plicability also avoids most major sources of compromise 
of manufacturing yield as well as the otherwise unavoid- 
able trade-offs therebetween in regard to integrated cir- 
cuits having plural respective areas requiring differenti- 
ated processing. 
[0057] | n v j ew 0 f t ne foregoing, it is seen that the invention pro- 
vides, in the first embodiment thereof, improvements in 
known TOE processes by providing height control and re- 
duced severity of topography and average heights of re- 



spective differentiated integrated circuit areas by deglaz- 
ing and an array nitride liner below the array top oxide for 
filling defects in the nitride spacers and isolation trenches 
and for increased protection of underlying structures as 
well as an array and support polysilicon hard mask for im- 
proved process simplification and control. These features 
may be used to produce these meritorious effects with 
and of TOE, TON and TOL processes as well as numerous 
other processes for fabrication of other type of devices 
having differentiated functional areas requiring different 
device and structure designs in respective areas. Pla- 
narization of the ATO or similar layers over such different 
structures can be performed by CMP or the ARC-assisted 
planarization of the second embodiment of the invention. 
[0058] | n the second embodiment, the invention provides an al- 
ternative planarization process to known CMP processes 
which is of general utility but which avoids the possibility 
of mechanical damage to previously formed structures 
and provides improved planarity to a tolerance of less 
than 15 nm in applications where CMP processes may be 
inadequate to do so, particularly in regard to TON pro- 
cesses in which planarization results using CMP has been 
particularly poor. 



[0059] | n the third embodiment of the invention, the principles of 
ARC-assisted planarization are extended to circumstances 
of severe topography and large average height/step 
height difference between differentiated areas on an inte- 
grated circuit chip to achieve higher planarization toler- 
ances and freedom from picture frame and foreign mate- 
rial contamination faults, especially due to formation of 
polysilicon filaments, particularly when TOE processes are 
employed while providing the additional advantages of re- 
moval of ATO above the memory cell 12 studs in the array 
area and etching of isolation trench structures in the sup- 
port area at the same time; avoiding a further etch of iso- 
lation structures. The third embodiment of the invention 
which includes the option of removing or maintaining the 
support nitride liner during the ARC-assisted planariza- 
tion RIE. These features of the invention which have been 
described in the environment of their preferred use and 
greatest potential advantage may be used singly or in var- 
ious combinations to provide improved integrated circuit 
structures at enhanced manufacturing yields. 

[0060] while the invention has been described in terms of a sin- 
gle preferred embodiment, those skilled in the art will 
recognize that the invention can be practiced with modifi- 



cation within the spirit and scope of the appended claims. 



